Mucormycosis is on the rise especially among patients with immunosuppressive conditions. There seems to be more cases seen at the end of summer and towards early autumn. Several studies have attempted to look at the seasonal variations of fungal pathogens in variou indoor and outdoor settings. Only two reports, both from the Middle East, have addressed the relationship of mucormycosis in human disease with climate conditions. In this paper we review, the relationship of indoor and outdoor fungal particulates to the weather conditions and the reported seasonal variation of human cases.
Introduction
Mucormycosis refers to infections caused by molds belonging to the order of Mucorales. Members of the family Mucoraceae are the most common cause of mucormycosis in humans. This includes the genera Absidia, Mucor, Rhizomucor, and Rhizopus. Two additional pathogenic families are the Cunninghamellaceae and the Saksenaceae. These are opportunistic fungi that are able to cause acute, rapidly progressing fulminant infections in compromised hosts. They can cause rhinocerebral, pulmonary, gastrointestinal, cutaneous and disseminated infections. Risk factors for such infections include diabetes, ketoacidosis, lymphoma, leukemia, neutropenia, corticosteroid use, long term immunosuppressive therapy, deferoxamine therapy, and prior intake of fungal prophylaxis with voriconazole [1] . Such infections are fatal if no adequate and rapid surgical and medical interventions are initiated. Two reports suggested that the incidence of mucormycosis increases in summer and early autumn [2, 3] . In this review, we present the available published literature on the seasonal variation of the air concentration of various spores of mucorale sp. and other fungi and the seasonal variation of clinical mucormycosis.
Environment and Seasonality
Mucorales are thermotolerant. They are ubiquitous in nature and widely found on organic substrates, including bread, decaying fruits, vegetable matters, crop debris, soil, compost piles, animal excreta, and on excavation and construction sites. Sporangiospores are easily aerosolized, and are readily dispersed throughout the environment making inhalation the major mode of transmission. Published data describing the levels of zygomycete sporangiospores in outdoor and indoor air in relation to seasonal variation is scarce.
Outdoor Concentration and Seasonal Variation
Most of the studies addressing variations of fungal spores in the air in relation to the season have been done in European countries. The earliest study that considered metereological conditions and airborne particulate concentration of fungi was done in Athens and showed that during autumn and winter the number of suspended microfungi was twice as high as in spring and summer [4] ; Mucor species were cultured during the months of June through December excluding September. This result suggested a positive correlation with humidity and a negative correlation with temperature. In a Spanish study done in 1980 over a two-year survey on the airborne fungi in the atmosphere of Barcelona, Rhizopus, and Mucor were the second most commonly isolated fungi after Aureobasidium [5] . In another study by Herrero in Palencia in 1992, air cultures revealed that Mucor sp. were the most common pathogens (25%) followed by Aspergillus sp. (23%) and Penicillium sp. (16%). Thirty two percent of the fungal colonies grew in autumn, while 28% during spring [6] . A study from Ankara, Turkey failed to reveal mucoracae in air particulates but showed a predominance of other fungi such as Cladosporium (75.5%) followed by Alternaria (6.1%), Leptosphaeria (2.2%) and others. The highest value of spore concentration was detected in July, and the lowest in January. This was thought to be related to monthly mean temperatures, wind velocity and humidity [7] . Soil and air samples from seven different localities around a Turkish city were sampled and revealed that the most isolated genus from air samples was Alternaria (43.96%), followed by Cladosporium (25.52%) and Phoma (5.40%) [8] . Fusarium and Penicillium occurred at very low concentrations in air and no mucoracae were isolated. The highest airborne spore concentration was found during autumn and the lowest concentration during the summer. Aspergillus' air spore concentration was very low in all seasons during the research period [8] . Another Turkish study measuring the indoor and outdoor concentration of fungi in Istanbul revealed that Cladosporium and Alternaria were the most commonly recovered followed by Penicillium, Aspergillus, Rhizopus, Aureobasidium, Mucor and Fusarium at a lower concentration [9] . Oliveria et al. found similar results in Porto, Portugal: Cladosporium being the most common to recover (74.5%) throughout the year followed by Alternaria, Aspergillus, Penicillium, Botrytis, Coprinus, Epicoccum, Fusarium, Ganoderma, Mucor, and Ustilago. The highest airborne spore concentrations in Porto were observed during summer and late autumn and the lowest during winter and were negatively correlated with wind speed; while positively correlated with temperature and relative humidity. Alternaria, Botrytis and Ganoderma spore density peaked from summer to autumn. Spore densities of Corynespora, Fusarium, Oidium, Periconia and Rhizopus peaked in late spring [10] . Results were similar in studies done from Northeast America where Cladosporium sp. was also dominant in both indoor and outdoor air in summer, with not much isolated mucoracae [11] . In another study done in the USA in 2002, the median outdoor fungal concentrations varied according to seasons and were highest in the fall and summer and lowest in the spring and winter. Mostly they were Cladosporium, Penicillium, Aspergillus; however, there was no available data concerning Mucor and Rhizopus sp. [12] . The seasonal variation of fungal propagules in a fruit market environment in Nagpur, India showed that Aspergillus was the most frequent and predominant genus detected, peaking in summer, followed by Cladosporium, Penicillium and Alternaria peaking during December-January [13] . Fungi related to animals have also been studied. Rodents from a Czech study showed that they harbor various species of Aspergillus, Mucor and Penicillium; R. oryzae represented 10% of the fungi [14] . Studies on the fungal biota of the fur of dogs 
Indoor Concentration and Seasonal Variation
The spore density of different fungi was measured in different districts of Istanbul and the results showed that Penicillium and Aspergillus were the most abundant followed by Rhizopus, Mucor and Fusarium; Rhizopus was found at a lower density outdoors than in indoor air [9] . In the US, the indoor fungal concentrations were founde to be highest in the fall and summer and lowest in the spring and winter. The most commonly recovered fungi were Cladosporium, Penicillium, the nonsporulating fungi and Aspergillus. Mucor and Rhizopus sp. were detected mostly in winter and summer [12] . Also indoor mycobiota varied with the niche. Wooden and paper materials had the highest median concentrations of fungi whereas mineral insulation, ceramic products, and paints and glues had the lowest. The wooden materials harbored Penicillium and yeasts, as well as Cladosporium and Stachybotrys. Ceramic products, paints and glues seemed to favor Acremonium and Aspergillus versicolor [18] .
Seasonal Variation of Human Disease
Roden et al. analyzed 929 cases of mucormycosis without shedding light on its seasonal variation [19] . Possible seasonal variation of mucormycosis has been addressed in 2 studies, both from the Middle East. Al-Ajam et al. reported a series of 16 cases of invasive rhinocerebral, cutaneous and pulmonary mucormycosis. He showed that the onset of symptoms clustered at the end of a dry period, which consistently extended from late May to October; i.e. early summer to end of autumn in 12 out of 16 patients with a statistically significant seasonal variation (p = 0.007) which coincided with increasing rain levels [2] . However, data is lacking on the mycobiota species and their concentration in Beirut or any other cities in Lebanon. A similar study from Israel analyzing 36 cases of rhinocerebral mucomycosis showed that most of the cases occurred between August and December with a peak incidence in September. In this country, the weather is hot and humid from May till September. Rhizopus oryzae was the most commonly isolated organism [3] . Infection with mucorales has also been reported to occur as a consequence of natural disasters such as volcanic eruptions [20] and tsunami [21, 22] . In some reports, the victims had multiple sites of necrotizing fasciitis due to R. arrhizus, Apophysomyces elegans and others. Analysis of the volcanic mud flow revealed Rhizopus arrhizus, Mucor sp., Trichoderma sp., Penicillium sp., Fusarium sp., Aspergillus niger, Paecylomyces sp. and Candida sp. Table 1 summarizes the various studies done correlating fungi, air particulate concentration with season and climate.
Discussion
The various published reports show that Mucor and Rhizopus sp. are not among the most commonly isolated fungi from outdoors environment with highest outdoor concentrations in spring and summer [13, 15] , whereas indoor concentration of these fungi was highest during winter and spring [13] . Other studies have failed to detect any mucorales by PCR from indoor and outdoor air samples [23] . Hence a clear conclusion cannot be reached.
Sesonal variation of human mucormycosis seems to be plausible. The 2 studies from the Middle East showed that most cases of mucormycosis occurred in late summer, fall and early winter. In Lebanon, the cases clustered between August and December when the weather ranges from hot and dry to wet and cool. In Israel, the weather is very similar to Lebanon and cases also had a similar distribution according to the months of the year (Figure 1) . In both studies there was no attempt to identify the source of infection but infection was attributed to airborne transmission from air conditioners. Two patients of the latter study had infection with R. oryzae, which was also cultured from the doctor's office. This suggested that improving the ventilation systems may decreases the incidence. Also no unusual precipitations or temperature data were recorded from the Israeli study. It is probable that infestation can build up in earlier months and manifest in August and September. However, in both studies there is no data about the fungal particulate air concentration to correlate them to this type of fungal infection. Other publications about invasive mucormycosis infection did not mention any information about the season when these patients were diagnosed [19] . There remain many unanswered questions that need to be addressed in future studies. Particularly investigating whether the organisms have a true seasonal variation in outdoor and indoor settings and whether this correlates to human diseases. Since both studies addressing seasonal variations of human disease have been done in the Middle East in countries with similar weather and humidity conditions, the results cannot be extrapolated to other regions and countries. It will be of interest to study this in various centers worldwide where there are increasing numbers of immunosuppressed patients at risk for mucormycosis such as oncology and transplant patients. Knowledge about seasonal variation of this deadly fungal infection might have important implications. Physicians will have a lower threshold to consider such infections in their immunocompromised hosts, better attention to air filters in transplant units during peak seasons, and possible prophylaxis in outbreak situations, especially with the availability of potent oral agents such as posaconazole are to be considered [24] . Since mucormycosis is fatal in most cases when therapy is delayed, more efforts should be done by the medical community caring for immunocompromised patients to better understand its epidemicology. The availability of advanced culture and molecu- 
